Introduction.
Since the composite material such as the carbon fiber-reinforced plastics (CFRP) use extensively for engineering materials (aerospace, automotive, structure, etc.), due to their excellent mechanical properties. They have a specific strength, stiffness, anticorrosion, and high fatigue resistance. Despite the growing application of CFRP materials, it must be considered that their mechanical behavior during processing and manufacturing has significant differences with conventional isotropic materials.
The prominent issue in mechanical behavior is the presence of internal strain that may appear during processing, machining, or in-service live of the component. Residual strain/stress is inevitable. Consequently, it may influence the final structural performance, particularly during in-service. In the curing process, the magnitude of stress/strain depends on the ply configuration (i.e., stacking sequence), properties of laminate, temperature, and cure cycle. Therefore, internal strain monitoring is indispensable to obtain useful information for process optimization.
This study focuses on internal strain monitoring, consisting of process-induced strain and machininginduced strain, in a CFRP cross-ply laminate using small FBG (Fiber Bragg Grating) sensors.
Experiment.
The material used is carbon/epoxy (T700S/2592, Toray) cross-ply laminates with a stacking sequence of [(0°2/90°2)3]s. The CFRP laminate was fabricated in an autoclave at a pressure of 0.2 MPa and a temperature of 130°C for 2 hours. FBG sensors and a thermocouple were embedded in a 24-ply crossply laminate at several locations. The strain was calculated from the Bragg wavelength shift and temperature change, respectively measured using the FBG sensors and thermocouple. The exact location of the FBG sensor around a drilled hole was then identified using soft X-ray radiography. The drilling process was then performed using a special drill bit for CFRP with different wear conditions so as to induce a various degree of hole damage.
Result. The result shows the characteristic strain change behavior during the curing process and drilling. During the curing process, the internal temperature and strain of carbon fiber-reinforced plastic are recorded, and the absolute internal thermal strains through temperature compensation are obtained. After complete cooling, the residual strains in different location/layers are obtained. The value of Df is expressed as follow:
Where Df is the damage factor, Rde is the radius of outer damage, Rs is the distance sensor from center hole, and R is the radius of hole.
The residual strain generated after the curing process was found to be very small while the residual strain after drilling depends on the magnitude of drilling-induced damage, such as delamination, which was quantitatively evaluated by optical microscopy as well as X-ray radiography as shown in Figs. 1 & 2. Conclusion. This study demonstrates in-situ monitoring of internal strain using a small FBG sensor during manufacturing and machining processes. The residual strain generated after the curing process was found to be very small while the residual strain after drilling depends on the magnitude of drilling-induced damage, such as delamination.
